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The knowledge of tumors of bone and bone marrow is still in the
descriptive stage. To reach a correct histologic diagnosis of the case

and to provide some conception of the probable clinical course are all
that can be expected at the present time, and often more than is
accomplished. The separation of the numerous tumors of this group
into well-defined clinical and pathologic entities is far from complete,
while knowledge of the exact origins of these tumors and of their
various exciting and contributing causative factors is extremely frag-
mentary, or, indeed, wholly lacking. Moreover, with the present
trend of medical research, the prospects are not favorable to important
progress in this field. Serology, immunology, chemistry, studies in
nutrition, and the use of modern instruments of precision have con-

tributed little and promise little in the study of bone tumors. Abundant
clinical material, wide clinical experience, and knowledge of the
embryology, physiology and pathology of bone, are the more essential
qualifications for successful investigation in this field.

Such studies call for clinical observation by the surgeon, and
morphologic research by the pathologist, by each of whom the work
must be carried out on a broad and systematic plan. The surgeon
must provide complete clinical pictures of the different neoplastic
diseases of bone; and the pathologist must discover the origin, the
predisposing anatomic conditions, the mode of growth, and the general
etiologic factors, if an effective knowledge of these diseases is to be
attained. When this knowledge has been secured, it will still be neces¬

sary to devise means for its dissemination so that it may become
effective in controlling the mortality and possibly the incidence of these
diseases.

For this purpose a uniform nomenclature is highly desirable or

essential; and the main clinical and morphologic features of the dif¬
ferent bone tumors must be clearly presented in accessible form.
The present article is intended as a contribution toward this end.

classification of tumors of bone and bone marrow

In the legitimate classification of tumors of bone only those neoplastic
diseases which clinical experience shows to actually occur must be
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recognized. To divide the tissues into their constituent cells and to

classify tumors blindly according to the possible cells of origin is
unsound and unserviceable. Most tumors are not simple structures

composed of a single cell, but are complex and become simple growths
only in anaplastic métastases. Moreover, the tumors do not develop
at random. They arise under quite definite conditions, which usually
determine their course, and these conditions must be considered in a

classification. The classification must be both clinical and anatomic.
If a central chondrosarcoma arises from an aberrant superfluous
island of cartilage misplaced by a rachitic process, then this disease
may be recognized as a specific entity. If an osteogenic sarcoma arises
at an epiphyseal line from traumatic partial separation of the epiphysis,
or because of some structural defect, it also becomes a specific entity
which deserves to appear in classification. On the other hand, if in
the foregoing examples, considerable variations in structure of the
tumors are observed in different cases which run much the same clinical
course, it is unwarranted to subdivide such tumors because of minor
structural variations, since they remain essentially the same diseases
in origin, course, and general significance. The practice of designating
bone tumors simply as round, spindle, or giant cell is quite inadequate
to define the disease properly. Nearly all malignant tumors show all
these types of cells at different periods or in different portions. When,
however, the disease has been identified, for example, as osteogenic
sarcoma, the further designation of cell type (spindle, etc.), is useful to
indicate the degree of anaplasia or potential malignancy of the tumor.

To a considerable extent, it is possible to classify bone tumors according
to the foregoing plan, while increasing knowledge will serve to correct
errors as they come to light. Only such a classification will be of
service to both clinician and pathologist. Accordingly, one may recog¬
nize the forms of neoplastic diseases originating in bone and bone
marrow given in the accompanying classification.

Classification of Bone Tumors

Osteomaj Spongy

 Pure chondroma 1 |" Capsular
-, Chrondromyxoma \Chondroma -j Chrondromyxoma f -! Periosteal
[ Myxoma J [ Central

Angioma : Cavernous
Angio-endothelioma ) ( SolitarEndothelioma , D¡ffuse ( } Mu,tiple

D
·

n . , f 1. Bone cyst
_

Benign Central U Giant cell e ulani ten tumorGiant Cell Tumor 3 Xanthosarcomaand Its Vartants[4 Myxosarcoma (benign)
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i Periosteal (extraperiosteal)
Solid medullary and subperiosteal
Telangiectatic '

Sclerosing
f Plasma cell

Myeloma Lymphocytic
Myelocytic

[ F.rythroblastic

The inclusion of pure myxoma under the heading chondroma appears
to be indicated because of the great probability that all pure myxomas
of bone are derived originally from cartilage. The myxomas may be
more difficult to eradicate surgically than chondromas but they do not
exhibit any greater potential malignancy. Under the benign giant
cell tumors, which must usually be regarded as sequelae of osteitis
fibrosa cystica, are included for convenience sake, simple bone cysts.
These lesions are not tumors ; but Martland has shown that the simple
cyst may result from the spontaneous degeneration and softening of a

giant cell tumor.
The existence of telangiectatic osteogenic sarcoma as a distinct

disease has not yet gained general acceptance. However, I am convinced
that this lesion is one of the most specific of bone tumors, both in its
gross anatomy and in its clinical course. One type of malignant bone
aneurysm is a vascular osteogenic sarcoma. Its possible relation to
cavernous angioma must be considered. In spite of recent contributions
to the contrary I believe that the existence of four specific types of
myeloma is firmly established. Wallgren,1 however, concludes that all
myelomas arise from a single primitive marrow cell. Of the groups of
tumors mentioned above. I shall discuss only the cellular forms in the
present paper.

Outline of the Clinical, Anatomic and Strl'ctural Features
of Some Common Bone Tumors

endothelioma

The knowledge of endothelioma of bone has reached a stage which
calls for definite recognition of this disease. The condition is generally
submerged under the general diagnosis of round cell sarcoma or

myeloma, since both are composed of small diffusely growing cells with
round nuclei. Having seen ten cases within the past year, I cannot
regard it as a rare disease. Three anatomic forms may be recognized :

(1) multiple endothelioma; (2) solitary angio-endothelioma, and (3)
diffuse endothelioma.

1. Multiple endothelioma, in which nearly every bone in the body
was the seat of small medullary tumors, occurred in a remarkable

1. Wallgren: Virchows Arch. f. path. Anat. 232:381, 1921.
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case described by Marckwald. It is the only recorded case of its
kind. Symmers and Avance 2 have described a somewhat similar case, and
multiple tumors in much smaller numbers have often been observed.
In several of the cases collected by Howard and Crile, there were

Fig. 1.—Angio-endothelioma of bone.

multiple tumors. Whether the several tumors were primary or secon¬

dary and metastatic from one original growth cannot be determined ;
but multiple primary tumors undoubtedly occur. They appear in adults

2. Symmers, D., and Vance, M.: Am. J. M. Sc. 152:23 (July) 1916.
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and nearly all have been fatal. Métastases in lungs and lymph nodes
occur. It does not appear that any have been treated by modern
roentgen-ray technic. The diagnosis rests on the roentgenogram, which
shows multiple central tumors with diffuse absorption of bone. Multiple
myelomas are much more numerous and sharply perforate the bone.
The structure consists of endothelial-like cells in small groups or sheets,
often forming alveoli and sometimes cysts containing serous or

mucinous fluid.
Wells has recently described a multiple endothelioma in which

isolated small groups of cells, similar to those described by Marckwald,
appeared, which seemed to be derived from the blood vessels of atrophie
and mucinous bone marrow.

Fig. 2.—Structure of angio-endothelioma of bone.

2. Angio-endothelioma usually appears as a single tumor which
sharply and completely destroys the bone and often reaches large
dimensions (Fig. 1). Its expansile pulsation places it among the malig¬
nant bone aneurysms. The roentgen ray shows a clean cut destruction of
bone by a central tumor which displaces and eventually invades the
soft parts. There is no bony capsule and the periosteum is free. This
disease returns after amputation and produces métastases. It grows
much more rapidly than the benign central giant cell tumor, but can

hardly be distinguished from telangiectatic sarcoma on clinical and
roentgen-ray evidence. From the ordinary osteogenic sarcoma it differs
in that it fails to show, a wide zone of involved periosteum extending
beyond the main tumor mass. These differences are rendered obvious
by a comparison of the photographs of gross specimens with roentgen-
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ograms. The structure is highly characteristic, consisting of large
clear endothelial cells in cords and columns inclosing circulating blood
(Fig. 2). The subjects are chiefly adults.

3. Solitary diffuse endothelioma occurs in young subjects, all of
my patients being under 21 years of age, five of them being 14 years
old. The bones involved were : ulna, twice ; radius, once ; tibia, twice ;
scapula, once ; skull, once ; pubes, twice, and femur, once. It begins
slowly, with pain and gradually developing disability. After several
months, spontaneous fracture may occur. Transient variations in size of
the tumor have been noted and may prove very deceptive both to the
patient and to the physician. One patient died from métastases after
amputation. Another developed multiple tumors of the skull. Bence-
Jones protein was found in one case only. The tumors develop in the
marrow or in the bone or in both. The shaft is widened and slowly
absorbed without a trace of bone production. The soft tissues are

gradually invaded. The most striking feature, best revealed by the
roentgen ray. is the involvement of a large segment or the whole of the
shaft, which distinguishes the process from osteogenic sarcoma and the
giant cell tumor. This location together with the smooth fading of a

slightly widened shaft, generally permits a diagnosis from the roentgeno¬
gram alone (Fig. 3). The differential diagnosis from the benign giant
cell tumor and from osteogenic sarcoma is assured if the tumor recedes
rapidly under roentgen-ray or radium treatment. True myelomas, how¬
ever, may respond in the same manner. The structure presents diffuse
sheets of small polyhedral cells with clear cytoplasm, without inter¬
vening stroma, often undergoing mucoid or hydropic degeneration (Fig.
4). Zenker's solution best preserves the cell form. After poor fixation,
the tissue resembles that of a myeloma or "round cell sarcoma." That
the cells are endothelial is shown by the appearance in some cases of
many spaces lined by tumor cells and filled with intact blood. The
structure may approach that of angio-endothelioma or it may verge on

myeloma. Plasma cells are absent or scanty and uncertain ; but the
possible relation of this tumor to plasma cell myeloma remains to be
determined.

The importance of recognizing this tumor lies in the fact that
amputation is probably unnecessary, because the tissue is remarkably
susceptible to the roentgen ray and radium. The prognosis is, how¬
ever, complicated by the occurrence of multiple tumors and métastases.
One of my patients died with multiple tumors of the skull which
were believed to be primary, and another is said to have died with
pulmonary métastases after amputation of the arm.

The comparative frequency of this disease renders it one of the
most important of bone tumors. Since the structure is quite different
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Fig. 3.—Diffuse endothelioma of ulna.
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from that of the easily recognized endotheliomas with blood channels,
alveoli and cystic spaces, it appears clear that the cases are not recog¬
nized as endothelioma, but are classed as round cell sarcoma or

myeloma. Since solitary myeloma is not a frequent diagnosis, most
of the cases probably pass as round cell sarcoma. Unless the pathologist
is familiar with the structural details of diffuse endothelioma. he
will invariably render a diagnosis of round, or possibly small, spindle
cell sarcoma, or myeloma, in these cases. I have been making this
error myself for many years, although I was long aware that the
tumors did not correspond to any known form of bone cell or bone
marrow cell neoplasm. That the tumors are not osteogenic sarcoma

became apparent when their prompt recession under radium was

Fig. 4.—Diffuse endothelioma of bone; showing compact structure of large
polyhedral cells.

observed, for oseogenic sarcoma reacts slowly to radium. That the
growths are of endothelial nature was strongly suggested by the appear¬
ance of broad sheets of clear polyhedral cells without a trace of
intercellular stroma. This origin was finally demonstrated by the
observation of a case in which the usual diffuse structure was present
in much of the material removed at exploratory operation, while in
other portions the growth was composed exclusively of blood spaces
filled with intact blood and lined by large clear endothelial cells.

The apparent limitation of the disease to young patients is one of
its most interesting and suggestive features. Of the twenty cases of
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endothelioma collected by Howard and Crile,3 three occurred in
patients under 20 years of age. One of these in the femur of a girl
of 9 years, with other tumors in the skull, approached in structure
the diffuse type, the blood spaces being lined by from five to ten rows

of cells. In Kolaczek's patient, 18 years of age, a very large tumor of
the tibia was in part composed of spindle cells, and in part of alveolar
endothelioma. Crile's patient, at 11 years, showed alveoli and well
defined lymph spaces. As Crile points out, the angio-endotheliomas
occur with few exceptions after the period (40 years) when osteo¬

genic sarcoma is most frequent. They often develop in patients of
quite advanced years, 50 to 75, when osteogenic sarcoma is practically-
unknown.

These observations regarding age incidence throw no light on the
nature of the underlying conditions in the bone and marrow which
lead to endothelioma ; but they show that endothelioma yields somewhat
different results at different periods of life.

Much further exploration of the dark territory of the general
pathology of bone and bone marrow is needed before one can

formulate any hypothesis regarding the conditions of origin of these
tumors. Most of the young subjects show a secondary anemia, without
specific characters. Usually the skeleton is delicately built. A history
of rickets or scurvy or other notable disorders of childhood has not been
elicited. Six of my ten patients were Jews. One was very fat, as

were also his two brothers. Signs of status lymphaticus were not

definitely present.
Regarding the choice of treatment of this disease, I wish to

emphasize the caution, that, while the diffuse endotheliomas of young
subjects have proved uniformly susceptible to heavy radium packs
and to repeated applications of roentgen ray, sufficient time has not

elapsed to determine the final outcome of this treatment. The tumors
tend to recur unless treatment is continued over a long period. The
danger of métastases during treatment must be considered. On the
other hand, the tendency to produce métastases appears to be less
prominent than in the case of osteogenic sarcoma. Many of the
multiple tumors are probably primary, so that amputation is often futile.
Hence it seems justifiable or even strongly indicated to immobilize
the member and attempt to save the limb or life by physical therapy.
If this plan is adopted, it is highly important to avoid incision into
the tumor. The diagnosis can generally be made on the clinical history,
the peculiar roentgenogram, and the early response to radium. It
may be of interest to note that competent observers firmly maintained
that some of my cases were osteomyelitis, while one patient was

persistently treated with arsphenamin.
3. Howard and Crile: Ann. Surg. 42:358, 1905.
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benign giant cell tumor and its variants
In 1852, Nelaton and Robin, in a well illustrated monograph, clearly

pointed out the gross, microscopic and clinical features of this benign
tumeur à myeloplacques, contrasted it with the malignant osteogenic
sarcoma, and urged conservative treatment. Gross, also, in 1868,
clearly described the disease and recognized its benign nature. These
contributions seem not to have been widely read ; but several later
writers, especially in America, have described the disease and discussed
it as an important novelty. It is quite apparent also that many
surgeons and pathologists are still unfamiliar with the important
differences that separate this disease from osteogenic sarcoma, so that
many limbs have been unnecessarily sacrificed and many supposed bone
sarcomas have been erroneously assumed to be operative cures.

The knowledge of the clinical and morphologic characters of the
common benign central giant cell tumor we owe chiefly to Nelaton
and Robin; but it has long been felt that the scope of these tumors
is inadequately defined. Some of them do not behave like benign
neoplasms. Gross believed that he observed violations of the rule that
they never produce métastases. Many of them recur after operation
and infiltrate the soft tissue or even break into the joints. Also the
microscopic diagnosis occasionally presents serious difficulties, even
for the experienced observer. It is the variants of the disease which
give rise to difficulty.

The typical forms of the disease seem to find their origin mainly
in the changes produced by osteitis fibrosa cystica; and the simple bone
cyst is usually found as a part of localized osteitis fibrosa. Osteitis
fibrosa affects one or many bones and produces a change in the marrow
marked by diffuse overgrowth of spindle cells, loss of hematoblastic
and fat cells, absorption of cancellous tissue and often thinning of
the shafts. About the dissolving bone trabeculae and along the inner
surface of the shaft, numerous giant cells are often found. Cysts
form in the new tissue, and these may be lined by giant cells and filled
with serous fluid. Hemorrhages readily occur in the cysts and the
inflammatory reaction about these blood masses leads to the growth of
granulation tissue in which are often many giant cells and disintegrating
bone. In some such manner the ordinary giant cell tumor probably
develops; but it must be admitted that the exact mode of origin of
the simple tumors has never been certainly traced. Martland i has
shown that simple cysts may result from the liquefaction of previous
giant cell tumors. I have evidence that some giant cell tumors result
from the absorption of aberrant islands of cartilage with neoplastic
proliferation of the released cartilage cells, and others. It appears

4. Martland, H. S.: Proc. New York Path. Soc. 21:102, 1921.
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Fig. 5.—Benign central giant cell sarcoma, epulis type; showing limiting
shell of bone and multicystic appearance.
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also that any simple hematoma of bone marrow may lead to the pro¬
duction of granulation tissue with many giant cells. Barrie's designation
"hemorrhagic osteomyelitis" would not be inept for some of these
processes if it did not suggest an intense inflammatory reaction. This
array of possible initiatives of the peculiar tumor tissue is not incon¬
sistent with the variety of clinical conditions under which the disease
is observed. The benign giant cell tumor is of wide occurrence as

respects age, location, multiplicity, and previous history of the patient,
and it is unlikely that it always arises under identical conditions.

1. Typical Benign Central Giant Cell Tumor.—This is a character¬
istic condition. It occurs usually as a single tumor in one end of the
tibia, fibula, humérus, femur, lower jaw, or lower end of the radius,
or in the flat bones. It progresses slowly, with pain, swelling and
disability. Spontaneous fracture may result. The soft parts are dis¬
placed. It usually begins near the epiphyseal line, where the cancellous
tissue is absorbed and the shaft widened by a globular mass. A thin,
sometimes crackling, shell of bone is regularly laid down about the
advancing tumor.

The roentgenogram shows a multicystic appearance, with destruc¬
tion of the shaft, an irregular deposit of outlying shell of bone and
sharp limitation from the soft tissues. Occurring in the middle of a

long bone, there may be a sharp irregular fracture with comparatively
little widening. Beyond the tumor the periosteum is unaffected (Figs. 5
and 6).

On gross examination such tumors are nearly always found to be
cystic ; or the central portion is diffluent and filled with blood detritus,
chocolate colored fluid, or clear serum. The texture of the growth is that
of soft, reddish, vascular granulation tissue, becoming more and more
dense toward the periphery.

The structure shows an abundance of giant cells with many small
separate nuclei. They appear in masses or they surround capillaries
or blood spaces. They are derived from the vascular endothelium
but participate in the tumor process, sometimes extensively. The
stroma is composed of many capillaries supported by a moderate number
of spindle fibroblasts with nuclei showing normal or slightly increased
chromatin (Fig. 7). Tumors of this type are always strictly benign,in the oncologie sense, although they may lead to serious clinical dis¬
turbances. They may be cured by curettage, by roentgen ray and
radium, and some of them disappear spontaneously. They maybecome transformed into simple cysts. They are prone to become
infected from curettage or exploratory incision, and a progressive cel¬
lulitis and osteomyelitis may develop. The wide cavities left after
curettage may offer some surgical problems.
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Fig. 6.—Benign giant cell tumor of upper end of tibia ; collapse of joint sur¬
face without invasion of joint cavity; infection through line of diagnostic
incision.
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2. Xanthosarcoiua.—Some of the central giant cell tumors of bone
are solid throughout, firm, dry, and yellow. The yellow color is due
to the presence of many large polyhedral cells distended with lipoid
granules. This is a structure commonly designated as xanthoma (Fig. 8).
These tumors have greater growth capacity than the ordinary giant
cell tumor. They often reach considerable size, breaking down the
bony capsule and forcing their way between muscle and fasciae,
but definite infiltrative growth is rare. They may destroy the epiphysis
and lead to collapse of the joint surface. The roentgenogram reveals
an incomplete bony capsule, or none.

Fig. 7.
—

Structure of benign giant cell tumor; polynuclear giant cells
lying among spindle and polyhedral cells ; slight hyperchromatism of nuclei.

The structure presents a diffuse growth of medium sized spindle
cells with very little hyperchromatism. Varying proportions of the
tissue are composed of the lipoid cells. Giant cells are missing over

large portions of the growth ; but usually they appear abundantly
in some portions, generally about blood spaces or blood extravasations.
If the histologist encounters only the spindle cells, an erroneous

impression of a malignant tumor is liable to be gained.
These tumors are prone to recur after curettage, especially when

large, owing to the difficulty of reaching all portions of the growth.
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Infection is also a frequent complication which results in the loss of
many limbs and of some lives. They slowly respond to roentgen-ray
and radium treatment ; but one who chooses this method of treatment
must plan to restrict the motion of the part and devote some months
to the treatment. Immobilization reduces blood supply, avoids the
danger of fracture, and permits weakened joint surfaces to remain
intact.

I have never known these tumors to produce métastases, and I
have been unable to find authentic records of such complication ; but
it seems quite possible that by curettage groups of viable cells could
be dislodged from the tumor and pass into the blood vessels. However,

Fig. 8.—Benign giant cell tumor ; peripheral portions showing xanthosar-
coma ; other portions showed many typical giant cells of epulis type.

the blood vessels are usually small and scanty, and the danger of
métastases can probably be ignored.

That the central xanthosarcoma of bone is a variant of the giant
cell tumor is clearly indicated by the clinical history, central location,
general structure, the course of the growth as revealed by the roentgen
ray, and by the not infrequent occurrence of xanthoma cells in typical
giant cell tumors. In the benign tumors of tendon sheaths xanthoma
cells are generally prominent.

3. Myxosarcoma.—The peripheral portions of many giant cell tumors
are often composed of solid elastic opaque tumor tissue of myxoma-
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like structure, while the central area alone is soft and vascular and con¬

tains the characteristic giant cells. Even this central area may be
reduced to a minimum, and nearly the whole tumor may be composed
of solid opaque tumor tissue in which there are many spindle cells
lying in a mucinous matrix (Fig. 9). Although the central location
and rather sharp limitation of the growth strongly indicate a benign
character, the histologie structure with many spindle cells suggests
malignancy, and this impression may be strengthened by reliance on

frozen sections. However, these central tumors are benign and their

Fig. 9.—Benign giant cell tumor ; peripheral portions composed of large
spindle cells with clear cytoplasm; other portions showed giant cells of epulis
type.

virtual identity with the ordinary giant cell tumor is shown by the
gross transitional forms which connect the two types and by the
presence of typical giant cells which may be seen in some parts of
the tumor. They are quite different in structure from the fasciai
myxosarcomas and from any myxomatous areas of osteogenic sarcoma.

In some cases the main tumor cell is large and spindle or polyhedral
in form with vesicular nucleus, while giant cells are scanty. These
spindle cells lack the hyperchromatism of the malignant osteogenic
tumors. Numerous small lymphocytes may also appear diffusely or

in clusters, which are probably derived from the lymphoid marrow

and which are almost never seen in malignant sarcomas (Fig. 10).
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4. Giant Cell Tumors of Cartilaginous Origin.—Occasionally, one

encounters giant cell tumors containing islands, streaks, or larger
masses of hyaline cartilage. Since there are no indications that the
giant cell tumor can produce cartilage, one is forced to conclude that
the tumor is associated with the absorption of misplaced islands of
cartilage. Such misplaced masses of cartilage lying in the marrow

cavity in the vicinity of the epiphyseal line are very frequently seen
in rickets. All the tumors of this type that I have seen were found at
the ends of long bones.

Fig. 10.—Benign giant cell tumor, edematous and infiltrated with lympo-
cytes; tissue composed of polyhedral cells with clear cytoplasm; giant cells of
epulis type in other portions of tumor.

They are of rather solid texture, opaque, sometimes slightly
mucinous, and lack the reddish jelly-like features or the yellow color of
the other forms. The giant cells are generally numerous and of the
usual character. They lie among many smaller tumor cells which are

often round or polyhedral, while the vascular spindle cell tissue of the
ordinary giant cell tumor is missing. These round cells may grow
diffusely over considerable areas in which giant cells are scanty or

missing, so that the diagnosis of myeloma may be returned if only
a small portion of the tissue is available for examination. Hence,
as with many other bone tumors, a biopsy is a somewhat hazardous
resort (Fig. 11).
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It seems probable that these growths represent a vigorous prolifera¬
tion of tissue cells about degenerating cartilage. Probably the cartilage
cells participate in this process as well as the endothelial and possibly
other marrow cells. That the absorption of cartilage may be connected
with other giant cell tumors in which no traces of cartilage or their
peculiar derivatives are present, deserves, perhaps, further consid¬
eration. From their cellular character, one gains the impression that
these tumors must be more malignant than the others ; but several
patients whom I have followed recovered after curettage. Being
cellular they should be susceptible to radium and roentgen ray.

Fig. 11.—Benign central giant cell tumor with island of dissolving and
partly calcified cartilage.

5. Telangicctatic Giant Cell Tumors.—In 1894 a portion of a

central giant cell tumor was submitted to Dr. T. M. Prudden at

Columbia for diagnosis and prognosis. It came from a growth which
occupied a large lower segment of the shaft of the tibia in a girl, aged
14 years. The tumor was described as extremely vascular. After much
discussion, on account of the presence of numerous typical giant cells,
the tumor was pronounced benign. Curettage was recommended and
performed. Several years later we were informed that the patient
recovered, and that her leg was sound.

The structure showed very wide blood spaces separated by thin
strands of spindle cell tissue lined by many giant cells. The spindle
cells resembled those of the ordinary giant cell tumor.
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That the course of central telangiectatic tumors with giant cells is not
always favorable is shown by a case illustrated by Figures 12 and 13.
The subject was a child of 10 years, in whom the head of the humérus
was completely excavated by a bloody mass in which no tumor tissue
could be detected on gross examination. Section revealed thin strands
of tumor tissue composed of spindle cells with hyperchromatic nuclei.
These inclosed wide blood spaces lined by numerous giant cells with
multiple small nuclei which again were relatively hyperchromatic.
Interscapular-thoracic disarticulation was performed ; but the patient

Fig. 12.—Telangiectatic osteogenic sarcoma of head of humérus; malignant
bone aneurysm. in a child of 10 years ; pulmonary métastases.

is said to have died of pulmonary métastases four months later. This
was not confirmed by necropsy. This case may well be classed as a

malignant bone aneurysm. On account of this observation it seems

proper to urge that more attention should be paid to the main tumor
tissue than to the giant cells in the diagnosis of doubtful cases of
this type.

6. Borderline Cases of Giant Cell Tumors.—Some bone tumors,
mainly central in location, are found to have involved much of the
neighboring bone shaft which is eroded or perforated, while the tumor
tissue early penetrates the soft tissue and fails to throw out a uniform
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limiting shell of bone. This anatomic condition is not easily distinguished
in the roentgenogram from some osteogenic sarcomas ; but careful
palpation, roentgenograms taken from several angles, and surgical
exploration reveal an absence of the extensive involvement of periosteum
which is nearly constant in osteogenic sarcoma. The periosteum in
these cases is generally quite intact beyond the main tumor mass.

The structure consists of numerous rather large spindle cells with
vesicular nuclei which exhibit some, but not pronounced, hyperchro¬
matism. Intercellular strands are scanty or absent. By hydropic
imbibition the cells may appear polyhedral. Giant cells are scanty or

absent in many areas but appear in groups, often in the clefts or

Fig. 13.—Structure of a telangiectatic osteogenic sarcoma; tissue from the
outer shell of a highly vascular tumor ; round and spindle cells with hyper¬
chromatic nuclei enclosing blood sinuses ; same case as Figure 12.

sinuses of tumor tissue. They are not so large as the giant cells of
the ordinary giant cell tumor, and the nuclei, while multiple, are

larger and more hyperchromatic. The diagnostic difficulties are

increased when only curetted fragments of the tumor are available.
Such tumors offer a difficult problem for the pathologist and for the
surgeon. My colleagues and I have adopted the policy of designating
these tumors as borderline tumors of the giant cell type and of giving
a guarded prognosis. They are prone to recur after curettage ; but
I have not known them to produce métastases even after repeated insults.
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While they probably belong with the benign giant cell tumor and
are connected with the absorption of bone or cartilage, it seems possible
that osteoblasts may participate in the proliferation and endow the
process with more aggressive qualities than belong to the strictly
benign tumors (Fig. 14).

7. Secondary Giant Cell Structure in Malignant Osteogenic
Sarcoma.—Since the peculiar giant cells of the benign tumor occur

whenever bone is being absorbed and since these structures signify
in general a type of foreign body giant cell, one should be prepared
to find them in malignant osteogenic tumors surrounding blood extra¬
vasations, or following infection, or surgical trauma. Under such

Fig. 14.—Benign giant cell tumor, low magnification; giant cell with many
compact nuclei; polyhedral and spindle cells; many small lymphocytes.

conditions they not infrequently appear in malignant tumors and may
lead to an erroneous diagnosis by the pathologist when only small
portions of tissue are available. These and other considerations have
led me to take the position that cutting into bone tumors and removing
a small piece for diagnosis is generally hazardous. The diagnosis of
bone tumors can safely be attempted only when all of the clinical
history and roentgenograms are available. With such data carefully
analyzed, the probatory incision is usually found to be unnecessary;
and it is not too much to say that the gross anatomy of the lesion is
often a safer guide to a correct clinical conception of the disease than
the variable and uncertain structure of a small piece of tissue. Doubt-
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less there are cases in which both classes of evidence are needed; but
they constitute a minority of the group and the microscopic evidence
is often indecisive.

The foregoing review of the conditions under which giant cells of
the epulis type may be found in bone tumors reveals the difficulties
which surround microscopic diagnosis in this field. When the giant
cells form the major portion of the tumor, the process is almost
invariably lacking in aggressive growth and clinical malignancy; but
when they become scanty and are associated with many spindle cells
and compact polyhedral cells, the tumors as a rule are more aggressive,
while in some cases in which the giant cells are associated with other,
more numerous, tumor cells of malignant histologie character the
tumors, as in the malignant bone aneurysm cited, are quite malignant.
In addition, there is the occasional occurrence of epulis giant cells
in inflamed and degenerating osteogenic sarcoma. Under these cir¬
cumstances, it seems desirable to restrict the importance of the presence
of giant cells in the diagnosis of bone tumors, and to emphasize
more strongly the importance of the main tumor cells. Furthermore,
it seems probable that further study of the origin of these benign
central tumors will lead to the definite subdivision of the group based
on exact histogenesis and general etiology. The demonstration of a

group of these tumors as probably derived from the absorption of
cartilage is perhaps a step in this direction. The xanthomatous tumors
also are peculiar in many respects and suggest that they too enjoy
some peculiar conditions of origin. Osteitis fibrosa seems to be
associated only with the benign vascular cystic tumors composed
chiefly of giant cells of large size.

A more satisfactory term should be found to designate this group of
tumors, and one which lays less emphasis on the giant cells. Central
osteogenic sarcoma or benign central sarcoma may be suggested as

worthy of consideration.
osteogenic sarcoma

Of this, the main malignant tumor of bone, four distinct groups
should be recognized, because of their peculiar gross anatomy, micro¬
scopic structure and clinical course. These are : ( 1 ) periosteal
sarcoma; (2) subperiosteal and medullary sarcoma; (3) telangiectatic
sarcoma, and (4) sclerosing osteogenic sarcoma.

I have previously urged the recognition of only three groups of
osteogenic sarcoma, merging the first two groups of the present list
for the sake of simplicity; but the facts demand the sacrifice of
simplicity in the interest of more accurate knowledge. A large number
of bone tumors are i?.rfraperiosteal, while many others are sw&periosteal
and invade or originate in the marrow cavity. On dissection these
tumors are found to be quite different in gross anatomy ; in structure,
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Fig. 15.—Malignant ossifying extraperiosteal sarcoma, which produced pul¬
monary métastases.

Downloaded From: http://archsurg.jamanetwork.com/ by a McMaster University User  on 09/17/2015



they are quite divergent, and the clinical courses are far from parallel.
These contrasts suggest essential differences in the conditions of origin
of the tumors.

1. Periosteal Sarcoma.—The extracortical position of these tumors
is quite characteristic. In fact, the true periosteal sarcoma appears
to originate from the periosteum itself or from the outer layers, leaving

Fig. 16.—Extraperiosteal osteogenic sarcoma; same case as that shown in
Figure 15.

the bone shaft intact or slightly eroded, whereas other osteogenic
sarcomas are subperiosteal and grow beneath the periosteum, separating
it from the shaft over a wide area by a fusiform mass of cellular tumor
tissue. These relations are indicated in the accompanying sketch (Fig.
20), and they become quite apparent in Figures 15, 16, 17 and 19.
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Fig. 17.—Malignant spindle cell extraperiosteal and capsular sarcoma, fun-
gating through the skin at line of diagnostic incision ; infection with rapid
enlargement from inflammatory edema.
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The roentgenogram shows an intact or slightly eroded shaft running
through a solid tumor mass which lies at one side and which is attached
to a segment, often narrow, of the periosteum. Some of these tumors
arise mainly from the capsule of the joint, but a pure capsular sarcoma

is rare.

The small area of periosteum involved and the firm encapsulation
frequently observed suggest that in such cases an effort may be made
at local excision. Some periosteal sarcomas are dense fibrosarcomas
which recur locally but which have only a moderate tendency to
produce métastases. They also suggest conservative treatment.

Fig. 18.—Structure of extraperiosteal and capsular osteogenic sarcoma;
same case as Figure 17.

Most periosteal sarcomas produce bulky rounded solid growths
which long remain encapsulated, pushing the soft parts before them.
When forming cartilage, they may reach enormous dimensions.

The texture of periosteal sarcomas varies. Some are cellular,
soft, crumbly, rapidly growing and extremely malignant. A tumor
of the humérus gave myriads of métastases in nearly every portion of
the body from calvarium to heel, while the pancreas was completely
replaced by tumor tissue, composed of small spindle cells. A cellular
tumor of the patella proved fatal six weeks after the originating injury
was received.

Most of the tumors are firm because of the presence of much inter¬
cellular stroma, which appears in the form of stalactite strands of
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hyaline, osteoid or osseous tissue, or masses of cartilage. The metas-
tases may produce bone.

The structure of the periosteal sarcoma is usually specific and
easily recognized. It presents spindle cells, small or of moderate size,

Fig. 19.—Solid central and subperiosteal osteogenic sarcoma ; the sharp
limitation at epiphyseal line may be noted.

but usually presenting hyperchromatic nuclei. Cell bodies are not

always easily demonstrable, so that some of these tumors may pass
as round cell sarcoma. In other cases the spindle cells are quite large,
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and with increasing stroma they tend to become large and sometimes
polyhedral.

Differing markedly from these malignant cellular growths is a

series of cellular fibrosarcomas in which hyaline and fibrous stroma
exceeds the bulk of the cells. Such tumors are not, as a rule, malignant.
They recur locally after excision, but are slow to produce métastases.
They probably form the majority of cures of osteogenic sarcoma by
amputation (Figs. 21 and 22).

Fig. 20.—Diagram contrasting the relations of the extraperiosteal sarcoma

and medullary and subperiosteal sarcoma : A, periosteal sarcoma ; B, medullary
and subperiosteal sarcoma; a, tumor; b, shaft and c, periosteum.

The diagnosis between hyperplastic callus and "productive periostitis
is not always easy, and must be based on general familiarity with
both processes. Mistaking exuberant callus and productive periostitis
for sarcoma is a very common error which may be avoided if the
microscopist will insist on having unmistakable neoplastic characters
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before concluding that a malignant process exists. Malignant bone-
producing tumors very rarely develop within three weeks after a

trauma. Periostitis usually covers a wide area, while tumors are

localized.
2. Solid Subperiosteal and Medullary Sarcoma.—The most fre¬

quent form of osteogenic sarcoma involves marrow, shaft and sub¬
periosteal tissue. The cancellous tissue toward the end of the diaphysis
is converted into a solid tumor mass which extends up the marrow

cavity, and after considerable delay may cross the epiphyseal line
into the epiphysis. At the same time the shaft is destroyed and the
tumor spreads beneath the periosteum, producing a fusiform swelling
which gradually encases the bone. In the earliest cases which I have

Fig. 21.—Large spindle cell, highly fibrous periosteal sarcoma.

dissected the lesion was about equally developed in both locations,
medullary and subperiosteal. The separated periosteum long remains
as a resisting capsule; but eventually it is perforated, after which the
tumor process rapidly invades the soft parts (Fig. 19).

Occasionally, these tumors spread widely over large segments of
bone. I have seen most of the ilium, pubes, ischium, and upper half
of the femur covered and infiltrated by cellular subperiosteal and
medullary sarcoma.

The tumor tissue is solid, opaque and cellular. Usually there is
considerable stroma, of osteoid character, which renders the growth
firm and resistant. Bone formation is not prominent ; but irregular
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islands may appear throughout the medullary portions, and radiating
striae beneath the periosteum. Hemorrhage and necrosis belong to
the rapidly advancing cases. Combinations with the sclerosing type
of osteogenic sarcoma are not infrequent.

The structure exhibits considerable variations. Most of the tumors
consist of spindle, rounded, and polyhedral cells, while mononuclear
giant cells are common. In some cases, probably concerned with
cartilage, the cells are large and polyhedral. The stroma is usually
abundant, and of hyaline, cartilaginous, osteoid, or osseous type. Bone
production and absorption go hand in hand in the same territory. The
blood vessels consist of capillaries and clefts between tumor cells,

Fig. 22.—Spindle cell fibrosarcoma of periosteum.

and of larger vessels lined by tumor tissue and through which cell
emboli readily pass (Figs. 24 and 25).

In the roentgenogram the most striking feature is the elevation of
the periosteum by a fusiform subperiosteal tumor. A bony capsule
such as is seen about benign central tumors is missing; but irregular
extracortical deposits of bone may be seen. The medullary region
is usually opaque and in sclerosing types it may be quite dense. The
cortex is generally obscured or destroyed (Fig. 23).

3. Telangiectatic Bone Sarcoma.—This is a characteristic gross
anatomic picture (Fig. 26). Its exact point of origin is not narrowly
defined, but it early destroys the shaft and grows expansively in all
directions, obliterating the marrow cavity and perforating the distended
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periosteum and its shell of bone. Vascular tumors may pulsate. In
several rapidly progressing cases, I have found the lower 2 inches
(5 cm.) of the femur sequestrated beneath the periosteum and lying
in blood clot. Combinations with cellular solid central and periosteal
tumor masses are common.

Fig. 23.—Osteogenic sarcoma.

At the other extreme are cases in which there is comparatively
little tumor tissue, but widely dilated blood spaces separated by strands
and walled off externally by narrow layers of malignant tumor tissue.
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Fig. 24.—Malignant osteogenic sarcoma with giant cells.

Fig. 25.—Structure of osteogenic sarcoma ; large polyhedral and spindle cells
in fibrillar and osteoid stroma.
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These are the true malignant bone aneurysms (Figs. 12 and 13). This
type of tumor is practically limited to young subjects. Few patients
survive more than a year, and no cures by any method appear to have
been recorded.

Fig. 26.—Telangiectatic osteogenic sarcoma.

All of these variations and combinations indicate that the disease
is essentially one and the same process, which originates from osteo¬
blasts and destroys periosteum, bone shaft and marrow.

4. Sclerosing Osteogenic Sarcoma,—This term was employed by
Virchow to designate certain bone-producing sarcomas, mainly central
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Fig. 27.—Sclerosing osteogenic sarcoma of femur ; fusion of thickened
cortex with central mass of ossifying tumor; extension up marrow cavity and
into periosteum.
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in location, but involving periosteum, shaft and marrow cavity, ana

transforming the end of the bone into a bulky solid mass of hard,
occasionally ivory-like, bone.

Minor variations in this process are not uncommon. The periosteum
usually remains unbroken; but it may be perforated early, releasing
a portion of the tumor which grows in more cellular form, invading
the soft tissues. The roentgen ray shows the club shaped central
mass of dense bone with widening and obliteration of shaft. The
picture is unlike that of any other process in bone (Fig. 27).

Fig. 28.—Structure of sclerosing osteogenic sarcoma ; large spindle and
polyhedral cells lying in osteoid and osseous tissue ; nuclei large and hyper¬
chromatic.

The dominating histologie feature is the production of much inter¬
cellular material in the form of hyaline osteoid tissue or dense bone.
This material is at first cellular but eventually becomes very compact,
hard, and acellular (Fig. 28). In the advancing peripheral portions are

blood vessels lined by tumor cells, through which métastases readity
occur.

The progress of the disease is slow, from one to two years elapsing
before marked swelling of the bone appears, and from five to twenty-
five years passing before the usual fatal termination is reached. Yet
the prognosis is poor, since métastases seem to occur early, although
some years may elapse before pulmonary signs are detected.
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etiology of osteogenic sarcoma

It is difficult to find any adequate hypothesis regarding the causation
of osteogenic sarcoma. Trauma rather frequently precedes the out¬
break of the disease but has been noted only in a minority of cases, and
is of itself an inadequate explanation. It is possible to conceive that
traumatic hemorrhage and separation of minute fragments of bone
may tend to release the vigorous regenerative capacity of osteoblasts;
but the atypical and lawless form of the regeneration always evades
our grasp. Definite fractures are seldom followed by sarcoma although
exuberant callus closely approaches in structure osteogenic sarcoma.
Some element of tissue predisposition must be involved and it seems

probable that this factor may consist in an abnormal blood supply in
the affected part, providing excessive nutrition. If such a factor
actually exists it works more often alone than with trauma. Typical
osteogenic sarcoma almost invariably begins in the end of the diaphysis
and long fails to cross the epiphyseal line. This relation suggests that
a vascular and nutritional disturbance may reside in the branches of the
main nutrient artery but not in the capsular vessels which supply the
epiphysis. Multiple osteogenic sarcoma, affecting the ends of several
long bones, of which I have seen one case so interpreted, favors the
idea that the disease is dependent on some congenital disturbance in
the structure of the bones.

unidentified types of bone sarcoma

In the group of osteogenic sarcoma one must include certain
malignant cellular tumors, the origin and nature of which are still quite
undetermined. One not infrequently encounters cellular medullary and
subperiosteal tumors in which the hyperchromatic cells grow diffusely
without producing bone or any stroma.

The nature of these tumors remains an unsolved problem in which
several possibilities may be considered : ( 1 ) It is possible that osteo¬
blasts may proliferate so rapidly as to produce a tumor tissue com¬

posed of rounded or polyhedral or short spindle cells, entirely free
from intercellular material. (2) An endothelial origin of some of the
cellular tumors is also to be considered ; but the necessary proof is
difficult to secure, and unless the evidence is quite· convincing the diag¬
nosis of endothelioma should not be entertained. (3) It is always a

safe resort to assign undifferentiated round and polyhedral cell tumors
to the group of myelomas ; but this plan does not assist in unrave'ing
that miscellaneous class of neoplasms. (4) The perithelial cells of
blood vessels are a source of somewhat specific tumors in many situa¬
tions ; but there is no definite evidence that angioblastic cells produce
the cellular tumors of bone. (5) The increasing recognition of neuro¬

blastoma, especially in young subjects, raises the suspicion that some
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of the cellular tumors of bone may be derived from the neuroblast;
but the characteristic rosets on which alone the diagnosis of neuro¬

blastoma may safely rest, have not been demonstrated in bone sarcoma.

(6) One may draw into the possible sources of tumors aberrant organ
and tissue rests, the existence of which in bone or bone marrow is

mainly hypothetic. (7) A metastatic origin of atypical cellular bone
tumors is always to be kept in mind ; but this explanation will not apply
to most of the tumors in question.

These speculations seem permissible mainly to emphasize the fact
that the territory of cellular bone tumors still requires much further
exploration. Yet there is a practical value in knowing that such
unidentified tumors exist, so that peculiarities in age incidence, loca¬
tion, structure, and clinical course, and paradoxic cures by surgery,
roentgen ray, and radium, may not be attributed to the well known

malignant bone tumors.
myeloma

Only a brief outline of the main features of this extensive, but

comparatively rare, group of tumors can be undertaken at this time.
Myelomas are tumors derived from the specific bone marrow cells.

Granular myelocytes, lymphocytes, and nucleated red blood cells are

the three specific cells of bone marrow, and tumors of each of these
cells are observed. The commonest form of myeloma is, however,
composed of plasma cells, the origin of which is still somewhat uncer¬

tain. The weight of opinion favors an origin from lymphocytes or

from endothelial cells. There are thus four histologie varieties of
myeloma: (1) plasma cell tumors; (2) lymphocytoma; (3) myelo-
cytoma, and (4) erythroblastoma.

These tumors have certain common features which separate them
sharply from osteogenic sarcoma. While often single they are usually
multiple. Eventually, they may become widely diffused or systemic.
They readily destroy bone by diffuse absorption or sharp perforation,
but never produce bone. Visceral métastases develop slowly or not at

all, so that many cases come to necropsy without métastases. The
regional lymph nodes are not infrequently involved. The presence of
involved regional nodes is almost certain evidence against osteogenic
sarcoma, although in a few cases of this disease the nodes appear to

have sifted out cells which ordinarily travel through large blood
channels.

The location of myelomas is peculiar. They choose by preference
the midportions instead of the ends of the bones, often involving con¬

siderable segments or later the whole of the marrow cavity. They also
affect the vertebrae, ribs and skull, which are seldom the sites of
osteogenic sarcoma. Passing through the bone, myelomas infiltrate the
soft tissues, without, as a rule, producing the bulky tumors and destruc-
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tive effects of other sarcomas. Rapidly destroying bone, they early lead
to spontaneous fractures, or collapse of joints, or crushing of vertebral
bodies with paraplegia (Fig. 29).

A peculiar cachexia and anemia usually accompany myeloma, due
to the destruction of blood-forming marrow. Bence-Jones proteinuria
is occasionally present. The prognosis of all forms of myeloma is
unfavorable, owing to the multiple and systemic nature of the lesions.
Yet solitary myeloma is probably curable by excision or amputation.
Of the recurrences and extensions it is difficult to determine whether
they are métastases or multiple primary new growths.

Fig. 29.—Plasma cell myeloma of vertebral body, causing collapse of vertebra
and paraplegia.

Like other lymphoid tissues, myeloma recedes rapidly under
roentgen-ray and radium treatment and the bone is partially restored ;
but the ultimate prognosis remains unfavorable because of extensions
and métastases.

The diagnosis of myeloma can usually be made on the general
clinical features and on the roentgenograms. The medullary location,
the preference for the midportions rather than the ends, the sharp
perforation or diffuse absorption of bone are rather specific roentgeno-
logic features ; yet diffuse endothelioma produces much the same effects
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as solitary myeloma. Tissue excised for diagnosis shows a diffuse
growth of round cells of the various types occurring in marrow.

Myeloma is the only true round cell tumor occurring in bone. Hence
the term "round cell sarcoma" should be eliminated from the dis¬
cussion of bone tumors and the more exact histogenetic designations
employed. The various cell types in myelomas can usually be recog¬
nized in sections, since plasma cells, lymphocytes, granular myelocytes,
and hemoglobin-holding cells are peculiar. Yet owing to neoplastic
variations in cell structure and degenerative processes, there has been
extensive debate regarding the exact nature of many cases, and the
exact identification of every case is impossible.

The several varieties of myeloma differ somewhat in their general
behavior.

1. Plasma Cell Myeloma.—This is usually multiple and often occurs

in the form described as Kahler's disease, with extremely numerous

painful perforating tumors affecting many bones throughout the body,
without notable visceral métastases, with early cachexia and with pro-
teinuria. Yet I have observed solitary plasma cell myeloma of the
sternum, tibia, and femur, and Greenough, Simmons, and Harmer
report solitary myeloma of the ilium and humérus.

Large mononuclear nongranular cells occur in rapidly progressive
cases which involve several bones and produce extensive métastases.
In a young patient, observed by Norris, very large round cells with
hyperchromatic nuclei occurred in widely distributed bone tumors and
in very bulky métastases in all the organs. In these cases it is impos¬
sible to determine the cell of origin.

2. Diffuse Lymphocytoma.—This occurred in a case that I followed
for several years. The disease first appeared in the humérus, the
entire shaft and the epiphysis being widened and the bone distorted
and largely absorbed. The progress was relatively slow. Under
roentgen-ray treatment the greatly swollen arm was reduced to normal
dimensions and the shaft was largely restored. The patient, a young
man, resumed his work for a period of two years, and passed out of
control; but it was learned that the disease reappeared in other loca¬
tions, with a fatal result, about five years after the inception. The
structure of the humérus tumor showed a diffuse growth of typical
small lymphocytes.5

3. Large Mononuclear Cells.—These cells with prominent granules
of variable staining characters I have observed in three cases.

5. Ewing, James: Neoplastic Diseases, Ed. 2, Philadelphia, W. B. Saunders
Company, 1922, pp. 294-295.
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One of them involved the whole marrow cavity of the humérus of
an adult male, destroyed the shaft over the upper half and produced
a bulky infiltrating extensively necrotic tumor of the muscles and
fasciae. Shoulder-joint amputation was soon followed by recurrence
and generalization of the disease. Considerable infiltration by lympho¬
cytes and extensive necrosis suggested a syphilitic process ; but the
wide areas of large hyperchromatic granular cells and the later course

demonstrated the myelomatous nature of the disease.
This form of myeloma appears to have escaped definite attention in

the literature of bone sarcoma, although several authors have described
scanty neutrophil granules in the cells of myeloma.

Fig. 30.—Myeloma of femur involving a large portion of the shaft; loosely
packed large round cells.

4. Hemoglobin-Holding Cells.—These have been found in myeloma
by Ribbert ° and by Norris. In Ribbert's case the largest tumors were
in the ribs and smaller growths were found in the vertebrae and skull.
The tumors presented a striking brownish-red appearance ; and hemo¬
globin in abundance was found in the tumor cells. In a similar case

observed by Norris 7 in Bellevue Hospital the cells were rich in hemo¬
globin.

6. Ribbert: Centralbl. f. Path. 15:337, 1904.
7. Norris: Proc. New York Path. Soc. N. S. 6:128, 1906.
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Fig. 31.—Myeloma of tibia, composed of small round cells with hyper¬
chromatic nuclei.
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The Prognosis and Treatment of Sarcomas of Bone
The increasing knowledge of the natural history of bone tumors

furnishes a basis for reconsidering the treatment of these diseases.
I believe that the present state of our knowledge and the additional
resources of roentgen ray and radium demand that the whole subject
of the prognosis and treatment of bone sarcoma should be reopened
and readjusted to meet the present situation and bring the control of
these diseases more nearly in line with present possibilities. It does
not require an extensive experience with surgical literature, to say
nothing of actual surgical practice, to force the conclusion that the
results now generally obtained with this group of diseases are far below
a reasonable standard.

Generally speaking, the diagnosis of malignant bone tumors is
accomplished in the late stages of the disease, after long delay has been
incurred by considering every other possibility, and not a few impossi¬
bilities. Experience with many of these cases at the Memorial Hospital
shows that in the presence of definite signs of bone sarcoma, per¬
sistent pain and loss of function, these patients are generally treated
for inflammatory conditions and the last possibility to be considered
is sarcoma. Often until the terminal stages, treatment has been
directed toward the alleviation of rheumatism, neuralgia, syphilis,
osteomyelitis, sprain, endocrine disturbance, etc. All the modern
laboratory methods for the quantitative study of the secondary
phenomena of disease have been freely employed; but the diagnosis
of a lethal disease has not been made in time to be of service. Even
in the face of indubitable signs and pathognomonic symptoms of well
established bone sarcoma I have known experienced surgeons to refuse
to accept the diagnosis of malignant tumor.

The main reason for this costly conservatism must be found in the
fact that the diagnosis of bone sarcoma is generally accepted as a

signal for an immediate surgical operation, either amputation, or

excision, or diagnostic incision. As long as this view and this aggressive
standard practice prevail so long will the surgeon delay in accepting
a grave prognosis for his patient. On the other hand, if the diagnosis
were approached more radically, treatment might be much less radical.

I believe that with present resources, the suspicion of bone sarcoma

should not be taken as a signal for operation. The diagnosis in the
great majority of cases of bone sarcoma can be accomplished on clinical
history, roentgen-ray findings, and the results of therapeutic tests with
roentgen ray or radium. The therapeutic test is at the same time the
best treatment for a large proportion of bone sarcomas. In short,
the nonoperative treatment of these diseases is a goal to be aimed at.
The main exceptions to this proposal, of which there are many, are

found among the early osteogenic sarcomas with which prompt ampu-
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tation has effected some cures. There are also complicated cases of
other types which demand operation.

Considering first the omission of diagnostic incisions, one finds that
the vast majority of cases of bone sarcoma of every type give highly

Fig. 32.—Myeloma of tibia; bony portions of the tumor are dissolving bone
apparently displaced from the shaft.

characteristic roentgenograms, which, interpreted in the light of exact
and simple clinical data, permit a reasonably accurate diagnosis. The
roentgenologic details will not here be repeated; but emphasis may
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be placed on the facts that : osteogenic sarcoma almost never affects
the middle half of the shaft, but is a disease of diaphyseal ends ;
erosion or destruction of a segment of shaft is nearly constant in
osteogenic sarcoma ; the benign central tumors regularly widen the
shaft and displace the periosteum with its thin shell of bone, long
before more aggressive forms of this disease invade the soft tissue;
and myelomas and diffuse endotheliomas involve wide segments of
the bone, often the midportions, and cause smooth gradual fading
of the shaft. Syphilis, tuberculosis, chronic osteomyelitis and periostitis,
and Paget's disease, each presents its own peculiar morphology and

Fig. 33.—Structure of a diffuse myeloma; cells small, round, and polyhedral;
type undetermined; same case as Figure 31.

clinical setting, and, with rare exceptions, lacks the specific features of
bone tumors. It must be admitted that these interpretations require
experience ; but no inexperienced person should undertake to deal with
bone tumors. When the experienced observer is unable to reach a

conclusion, then resort must be made to the diagnostic incision, before
amputation is advised.

The therapeutic test is decisive evidence as between certain
classes of bone tumors. Myelomas and diffuse endotheliomas melt
down rapidly under roentgen ray and radium. These physical agents
control the growth of the benign central tumors and cause the gradual
restoration of the shaft, while the relief of pain and disability is usually
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prompt. With osteogenic sarcoma, roentgen ray and radium have
little or no immediate effect on the size or form of the tumor.
Chondrosarcomas seem to be wholly unaffected by external radiation.

When the clinical data, roentgen-ray findings, and therapeutic tests
have been carefully weighed by an experienced observer, I believe there
will be very few cases remaining for diagnostic incision.

When tissue has been removed for diagnosis, the microscope in
competent hands will provide an accurate idea of the clinical nature
of the disease in the great majority of cases, but not always. Failure
to secure a characteristic portion of the tumor, encountering tissues
greatly altered by inflammatory or degenerative processes, and inexperi¬
ence of the pathologist with the very wide scope and confusing variety
of histologie features occurring in diseased bone are some of the
common sources of error which the surgeon must face who trusts his
diagnosis to the microscope. It would be a mistake to overemphasize
these hazards ; but the more experienced the pathologist, the more he
learns to rely on clinical data for clinical diagnoses and the more he
urges the surgeon to make his diagnosis on clinical observation, and
not to expect too much from the study of small pieces of tissue. As
a rule, the microscope reveals the general class of a bone sarcoma;
but it often fails to reveal those special features which are so important
in forming a clinical estimate of the disease.

The diagnosis having been reached, the plan of treatment may
then be determined with adequate reference to the natural course of
the disease. In this decision, I would emphasize the necessity of dis¬
tinguishing not only between the different groups of bone sarcoma but
between different cases in the same group. Blanket rules are inadmis¬
sible in dealing with cases which differ so widely in their natural
tendencies as do bone sarcomas. The slowly growing, encapsulated
fibrosarcoma attached to the periosteum presents a very different
therapeutic problem from the highly malignant telangiectatic sarcoma,
and there is much variation among the cases of benign giant cell
tumor.

treatment of the giant cell tumor

The standard treatment of this disease is by curettage, followed,
as a rule, by application to the cavity of some escharotic. A plastic
bone operation is sometimes required. The results are generally good.
Yet there are several limitations to the success of this radical surgical
method. Infection not infrequently follows the curettage, and leads to
persistent suppuration, osteomyelitis, or septicemia, since it is difficult
to eradicate infection of tumor tissue in the marrow cavity of a long
bone. Or the tumor recurs and requires repeated curettages, with
advancing destruction of bone, or opening into joints, so that eventually
amputation is required. I have observed many cases of this benign
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tumor in which all of these unfortunate terminations have resulted in
the hands of competent operators. Nor is it unreasonable to assume
that the trauma of repeated curettages may transform an originally
benign process into one clinically malignant. Even the mechanical
forcing of viable cells through open blood vessels and the production
of métastases seem quite within the range of possible results of surgical
trauma, especially in cellular tumors.8

All of these hazards may be avoided by treating these patients by
roentgen ray or radium. Both of these physical agents control the
growth, soon relieve pain and disability, and permit the gradual restora¬
tion of the shaft. The experience at the Memorial Hospital with a

considerable series of cases during the past few years has demonstrated,
in my opinion, that treatment by roentgen ray or radium should be
adopted as the method of choice in uncomplicated forms of this disease.
Recently, Jungling 9 has reported the cure by roentgen-ray treatment
of a large medullary sarcoma of the upper end of the femur, and at
the same time he records the spontaneous regression of two other cases

located in the humérus and fibula. This plan, however, calls for a

period of several months of observation, for while pain and disability
are usually relieved promptly, the restoration of the shaft is slow.
If this method fails after adequate trial, then it is time enough to con¬
sider curettage, or, if there is great destruction of tissue, amputation.

For a successful result, it is highly important that the skin and
tumor capsule should not be incised for diagnosis, since the scar may
break down under repeated radiation, and infected cases as a rule do
badly. The insertion of radium tubes into the cavity after curettage
is not a very satisfactory method, since such radiation renders the
tissue more susceptible to infection, and adequate dosage may cause

chronic osteitis or bone necrosis. The best method is external radiation
through the intact skin. The capacity of the physical agents to deal
successfully with the various forms of the benign giant cell tumor is
clearly dependent on the cellular structure and delicate blood vessels
of the tumor tissue.

Myeloma.—Owing to the multiple or systemic distribution of most
cases of myeloma the prognosis of the disease remains unfavorable
under any form of treatment. Since these cellular lymphoid tumors
are very susceptible to roentgen ray and radium, these agents would
seem to deserve first choice in treatment. Yet since little is known

8. Since this article was written, I have obtained all the data in a case

demonstrating the transformation of a benign giant cell tumor of the tibia into
a malignant large spindle cell sarcoma as a result of repeated curettage, infec-
tion and radium treatment, and terminating, after amputation, in death from
pulmonary metastases. This case will be fully reported later.

9. Jungling: Strahlentherapie 12:178, 1921.
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regarding the mode of extension of myeloma, one may assume that a

prompt amputation may at times forestall métastases. The available
reports in the literature, as well as my experience with a few of these
rare cases, does not encourage the belief that amputation accomplishes
much in this disease. For multiple cases affecting the bones of the
skull or trunk, roentgen ray and radium constitute the sole resource,
and so far as the local tumor is concerned they are effective.

Endothelioma.—So far I have been able to learn there are no reports
of surgical cure of angio-endothelioma, and no record of treatment by
physical agents. Owing to early métastases and multiple origin, the
prognosis of this disease must remain unfavorable. On account of the
vascular and cellular structure of the tumors, it is to be hoped that
the effects of the physical agents on this process will be submitted to
an early test.

Diffuse endothelioma as already stated, regresses so rapidly under
roentgen ray or radium as to call for this plan of treatment in every
case. Yet I would again emphasize that sufficient time has not elapsed
to determine the final outcome of cases that have responded well to
radiation. At the present writing, four of ten patients are dead : three
from multiple tumors, one from "acute mania" ; two are without signs
of disease ; one has progressed favorably for a year, and three have
not been traced. Until more is known regarding the nature of this
disease, it can only be said that the physical agents seem to control the
local process, and that amputation should be withheld until its indica¬
tions are more clearly defined.

Osteogenic Sarcoma.—While the highly lethal character of this
disease is perhaps its most impressive feature it is probable that isolated
surgical cures have been obtained for nearly every bone of the
extremities. Near the shoulder or hip joint there are probably none,
except possibly Berger's case, at the upper end of the humérus, reported
by Jeanbreau and Riche.10

I have examined in some detail the statistical reports of Kocher,
Coley, Reinhardt, Butlin, Nasse, and others, and have been unable to
draw any definite conclusions from them, because of the uncertainty
in diagnosis. Greenough, Simmons, and Harmer, however, carefully
classify fifty-six cases of true osteogenic sarcoma occurring at the
Massachusetts General and the Huntington hospitals, and report three
cures of three years' standing by radical operation. These tumors
were located in the femur, tibia, and inferior maxilla, and all were of
highly fibrous or ossifying structure. On the other hand, barring one

operative death in a very extensive case, all of the fourteen patients
with giant cell tumors were cured by operation.

10. Jeanbreau and Riche: Rev. de chir. 32:153, 1905.
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More significant than combined statistics is the analysis of the types
of cases for which amputation may reasonably be expected to yield
success. All the cellular and vascular sarcomas treated surgically seem

to have been fatal within a few months. Likewise the established
small spindle cell periosteal sarcomas are extremely malignant.

More favorable conditions are furnished in the very early stages
of sclerosing central and subperiosteal tumors which have not ruptured
the periosteum. For such tumors prompt amputation may well be
endorsed as offering a reasonable hope of success, although the attested
records of such success are extremely rare. More favorable still are

the encapsulated fibrosarcomas attached to the periosteum. Many
of these growths are comparatively acellular and are at first capable
only of local recurrence. They form a considerable proportion of the
reported surgical cures.

With the use of physical agents as adjuvants to surgery, they form
a favorable field for conservative surgery, aiming at local extirpation
followed by treatment by roentgen ray or radium. As long ago as

1908, Goebel lx reported the cure (fifteen months' observation) of a

malignant infiltrating periosteal sarcoma of the femur in an infant
in whom he twice extirpated portions of the tumor and followed the
operations with exposure to the roentgen ray to the limit of skin
tolerance.

In order to secure more accurate data regarding the prognosis of
osteogenic sarcoma, the following scheme may be offered as indicating
the different grades of malignancy in the disease; and it is suggested
that the use of some such scheme replace the custom of merging all
types of osteogenic sarcoma in statistical reports.

1. Encapsulated extraperiosteal fibrosarcoma; fibrous, cartilaginous
or osteoid stroma in excess of cells ; prognosis fair.

2. Sclerosing medullary and periosteal sarcoma ; course slow ;
métastases appear very late.

3. Cellular spindle cell periosteal sarcoma; stroma scanty or absent;
some cures by surgery and other methods.

4. Solid cellular central and subperiosteal sarcoma ; some surgical
cures of early cases.

5. Very vascular cellular telangiectatic sarcoma; no reported cures.

For the past seven years, I have been interested in efforts to control
osteogenic sarcoma by physical agents at the Memorial Hospital. The
results have been unsatisfactory but encouraging. They involve many
clinical and technical considerations that belong to my clinical and
radiologie colleagues. My own services have been directed toward
securing accurate anatomic and histologie diagnoses, and to the study

11. Goebel: Arch. f. klin. chir. 87:191, 1908.
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of the effects of the physical agents on the tissues. From these sources

of information the following conclusions have been drawn.
1. It has been shown by physical computation, histologie changes

in the tumor tissues, and clinical results, that it is possible to deliver
an effective dosage of roentgen ray or radium to all parts of many
osteogenic sarcomas where the tumors are accessible from all sides.

2. The histologie changes demonstrate a slowing of the rate of
growth of the tumor cells, by which they are induced to lay down calcific
material, or dense hyaline stroma, or bone. With vascular and cellular
tumors, hemorrhage and necrosis may be produced.

3. Cellular tumors without much intercellular stroma may undergo
complete resolution and disappear.

In evidence of this statement I would refer to the following case :

In 1915, Dr. C. H. Peck referred to the hospital a boy, aged 8 years, with a

recurrent periosteal sarcoma of the metacarpal bone of the thumb. The tumor
had recurred promptly after excision, presenting a globular swelling, 2 by 3 cm.

Section of the original tumor showed a small spindle cell sarcoma without
demonstrable stroma. Roentgen-ray treatment (Müller tube), given by Dr.
Arthur Holding for three months, produced, for the first month, no definite
effect ; during the second month, the tumor ceased to grow ; after the fourth
month, there was steady recession, which became complete in six months. The
boy was followed for four years without recurrence.

4. Tumors producing much intercellular material can probably not
be made to disappear by present technic with physical agents. The
most that can be hoped for such tumors is the sclerosis or ossification
of the tumor tissue with cessation of growth.

5. The majority of true osteogenic sarcomas under radiation, while
suffering retardation of growth, prove fatal from the usual métastases.
It may be said that they would do so under any circumstances ; but
the possibility that prompt amputation might save some patients may
be considered by many as a bar to conservative treatment. On the
other hand, the long survival of certain cases heavily radiated and
later coming to amputation strongly suggests that effective radiation
distinctly postpones métastases.

6. The technic of employing roentgen ray and radium in osteogenic
sarcoma can be made much more efficient by the proper selection of
cases, by more careful study of the exact anatomic condition to be
dealt with, adapting the agents to the conditions as found, and by a

judicious combination with surgery.
It is obvious that the problems here involved are of a major char¬

acter and demand the most intelligent cooperation of surgeon, radi¬
ologist and pathologist. From results already obtained I am convinced
that large rewards await the resourceful worker, by using all the means

now at his disposal, in reducing the mortality from this lethal disease.
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